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(57) Abstract 

A protection circuit (10) for a power amplifier mutes the amplifier if the average power dissipated in the amplifier output stage 
exceeds a predetermined limit. A ground referenced current detector (28) monitors the current through the amplifier output stage, producing 
a current signal (30) that is directly proportional to this output current Similarly, an absolute voltage detector (32) monitors the voltage 
across the output stage, producing a voltage signal (34) that is directly proportional thereto. The current signal and voltage signal are input 
to a multiplier (36), which multiplies them to determine their product, producing a power signal (38), which is directly proportional to the 
power dissipated in the output stage. This power signal is filtered to represent the average power dissipation in the ouput stage. The filtered 
signal (42) is then compared (44) to a threshold signal representing a predefined power dissipation limit. A monostable multi-vibrator (46) 
periodically mutes the amplifier so long as the power dissipated exceeds the predefined limit. In addition to being used for muting the 
power amplifier, the filtered power output signal (42) is employed for controlling the speed of a cooling fan. 
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MONITORING OUTPUT POWER TO PROTECT A POWER 

AMPLIFIER 
Field of the Invention 

This invention generally relates to a protection circuit for a power 
5 amplifier, and more specifically, to a protection circuit for a power amplifier that 
is responsive to the output power of the amplifier. 

Background of the Invention 
The manner in which a power amplifier is used represents a potential weak 
point in its design. Misuse of a power amplifier can occur in a variety of ways. 
10 For example, a user might connect more speakers to an amplifier than is 
recommended, so that the effective impedance of the load is much less than a 
recommended minimum for the amplifier. Or, either the output terminals or 
speaker wires can be accidentally shorted, creating a path for excessive current 
draw from the output stage of an amplifier. These are but two examples of the 
15 many damaging operating conditions to which an amplifier might be subjected. 
To improve the likelihood that a power amplifier will survive such mistreatment 
by a user, various protection mechanisms have been employed in the prior art. 

Most prior art power amplifier protection schemes center around 
protecting the output stage, since the power amplifier transistors used in this 
20 portion of an amplifier are often relatively expensive to replace if damaged. 
While such protection methods may protect the output stage from failure, this type 
of protection often adversely affects an amplifier's perceived sound quality and 
performance. Conventional limiting circuits that are used for output stage 
protection typically employ current and/or voltage limits that must be set 
25 sufficiendy low to protect the output stage. In conventional current/voltage 
limiting, which is used when driving typical reactive speaker loads, the output 
stage is momentarily turned off on a cycle by cycle basis (i.e., during each cycle 
of the output signal) to achieve the required protection. This cyclic interruption 
occurring in the sound field of the speaker produces very audible (and readily 
30 measurable) distortion. The level of distortion increases as the output stage of the 
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power amplifier is driven further beyond the limit at which the protection scheme 
first becomes active and begins to cycle the output stage off. 

In response to market demand, power amplifiers are being designed with 
ever greater power output levels. Accordingly, it is becoming increasingly cost 
5 effective to employ elaborate protection schemes to prevent damage to the rather 
expensive output stages of these amplifiers. The added cost of such protection is 
more than offset by the substantially higher cost of replacing the output transistors 
and other output circuit components that would be required if a power amplifier 
without adequate protection is damaged and the reduction in Field repair costs 
10 resulting from increased product reliability. 

However, it would clearly be preferable to employ a protection circuit that 
is economical to minimize the overall product cost of a power amplifier. An 
appropriate protection circuit should increase power amplifier reliability, without 
causing any degradation of sound quality like that caused by conventional output 
15 stage protection circuits. While such a protection circuit may employ 
voltage/current limiting, the sensitivity of the protection circuit should be 
minimized to facilitate the maximum transient safe operating area (SOA) 
available from the output stage of the amplifier. Highly reactive loading should 
not cause the protection circuit to generate distortion. Ideally, a protection circuit . 
20 should determine the heating effect of the load on the output stage, and mute the 
power amplifier for a period that is much longer than a cycle of the drive signal, 
but only when this heating effect is excessive. By muting the amplifier for several 
seconds when the rated limit is exceeded, a clear audible indication can be 
provided that the rated power limit of the amplifier is being exceeded, without 
25 introducing distortion in the output signal before the protection is actually 
required. Currently, there does not appear to be any prior art protection circuit 
that implements all of the above-described functions. 

Summary of the Invention 
In accord with the present invention, a protection circuit for an amplifier 
30 having at least one channel is defined. The protection circuit includes a current 
detector that produces a current signal, which is directly proportional to the 
current being pulled through the output stage. A voltage detector is included and 
produces a voltage signal that is directly proportional to a voltage across the 
output stage. Coupled to the current detector and to the voltage detector to 
35 receive the current signal and the voltage signal is a power stage dissipation 
monitor, which produces a power signal that is directly proportional to the 
instantaneous output stage dissipation (power), by multiplying the current signal 
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by the voltage signal. A multiplier circuit is used in a preferred form of the 
invention to determine the product of the current signal and the voltage signal. A 
muting circuit is coupled to the power stage dissipation monitor and mutes the one 
or more channels of the amplifier for a predefined interval of time if the power 
5 signal exceeds a predefined level. 

Also preferably included in the protection circuit is a filter that couples the 
muting circuit to the power stage dissipation monitor. The filter averages the 
power signal, producing an average power signal. The filter passband is below 
the amplifier's intended band of usage, such that the output of the filter is 
10 representative of the average power dissipation in the output stage. 

The muting circuit includes a comparator that compares the average power 
signal with a threshold signal. This threshold signal is preferably set to a 
predefined level coinciding with the point at which safe operation of the output 
stage cannot be readily guaranteed. Furthermore, the muting circuit produces a 
15 muting signal that periodically mutes the amplifier for a first interval of time, and 
then enables the amplifier to produce the drive signal for a second interval of 
time. Thus, the drive signal periodically cycles between a muted state and an 
enabled state, until the muting circuit determines that the average power signal is 
less than the predefined level. The first interval of time is preferably substantially 
20 longer than the second interval of time so that an average power dissipation by the 
amplifier cycling between the muted state and the enabled state is substantially 
less than it would be if the amplifier were not periodically muted. 

The muting circuit produces a signal that preferably mutes the amplifier to 
interrupt the power delivered to the load, thus reducing the output stage power 
25 demand to zero. The amplifier is muted either by activating an output relay that 
disconnects the load from the amplifier, and/or by shunting the input signal 
applied to the amplifier to eliminate the drive signal, and/or by interrupting a bias 
applied to one or more voltage amplifying stages of the amplifier that effectively 
"turns off the amplifier. 
30 In one preferred embodiment, the amplifier also includes a cooling fan, 

and a temperature detector that monitors a temperature of the output stage, 
producing a temperature signal. A fan control circuit is coupled to the power 
stage dissipation monitor and the temperature detector. This fan control circuit 
produces a fan speed control signal that determines a speed of the cooling fan as a 
35 function of the temperature signal and the power signal. 

Another aspect of the present invention is a method for protecting an 
amplifier that includes at least one channel, from damage due to excessive power 
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supplied to a load connected to the amplifier. The steps of the method are 
generally consistent with the functions implemented by the elements of the 
protection circuit discussed above. 

Brief Description of the Drawing Figures 
5 The foregoing aspects and many of the attendant advantages of this 

invention will become more readily appreciated as the same becomes better 
understood by reference to the following detailed description, when taken in 
conjunction with the accompanying drawings, wherein: 

FIGURE 1 is a schematic functional block diagram of the protection 
10 circuit implemented in a preferred embodiment of the present invention; 

FIGURE 2 is a schematic diagram showing details of an output stage 
current detector employed in a preferred embodiment of the present invention; 

FIGURE 3 is a schematic diagram showing details of an output stage 
absolute voltage detector used in a preferred embodiment of the present invention; 
15 and 

FIGURE 4 is a graph illustrating an exemplary periodic waveform for the 
output signal from one channel of a power amplifier caused by the protection 
circuit during a fault condition. 

Description of the Preferred Embodiment 
20 A preferred embodiment of a protection circuit 10 representing the present 

invention is illustrated in FIGURE 1. It should be noted that protection circuit 10 
is usable in a power amplifier having a single channel, or alternatively, may be 
applied in amplifiers having two or more channels. Since each channel of a multi- 
channel amplifier will likely have different input signals and may have different 

25 loads coupled to them, it may be preferable to independently apply the present 
invention for separately protecting each channel of the amplifier. Alternatively, it 
may be desirable to protect all channels of the amplifier if any one of the channels 
is overdriven. The manner in which the protection is applied will depend upon 
the type of amplifier, its usage, and its design. 

30 Virtually all power amplifiers include an output stage in which relatively 

expensive power transistors are employed for amplifying the current supplied to 
drive speakers or other type of load. Details of the power amplifier output stage 
are not illustrated in FIGURE 1. Instead, only power transistors 11 and 12 are 
shown to illustrate how a preferred embodiment senses current and voltage of the 

35 drive signal "AMP-OUT," which is provided by the power amplifier from its 
output stage for a single channel of the power amplifier. The other channel of this 
power amplifier has an identical protection circuit. 
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In the illustrated preferred embodiment of FIGURE 1, power transistor 1 1 
is a PNP type, and power transistor 12 is an NPN type. The emitters of the two 
power transistors are coupled together through resistors 14 and 16. The collector 
of the NPN power transistor is coupled to a positive voltage rail (+B, which is 100 
5 volts in this example) through a lead 18, while the collector of the PNP power 
transistor is connected to the negative voltage rail (-B, which is -100 volts in this 
example) through a lead 20. The amplifier output signal is provided on the 
common connection between resistors 14 and 16 as an input to a ground 
referenced output stage current detector 28. Also applied as inputs to the current 
10 detector are a positive current sense signal, "+I SENSE," on a line 26 connected to 
the emitter of NPN power transistor 12, and a negative current sense signal, "-I 
SENSE," which is obtained from the emitter of the PNP power transistor. While 
it might appear simpler to obtain a ground referenced voltage proportional to 
output stage current by inserting a shunt resistor in series with the return output 
15 terminal of the amplifier and ground, this option was not possible in power 
amplifiers in which the present invention will initially be used because it includes 
two channels that can optionally be bridged together to provide a single 
monophonic channel with twice the power of the two channels. In this bridge 
mode of operation, current is not returned to the speaker ground connector output 
20 terminals of the power amplifier. Accordingly, in the preferred embodiment 
illustrated in FIGURE 1, the voltage drop across resistors 14 and 16 for current 
flowing through the output power transistors provides the corresponding positive 
and negative current sense signals that are input to ground referenced output stage 
current detector 28. 

25 Details of the ground referenced output stage current detector are shown in 

FIGURE 2. As indicated therein, the positive current sense signal is input through 
a resistor 60 to the non-inverting input of an operational amplifier (opamp) 68. 
The inverting input of the opamp is connected to receive the negative current 
sense signal that is applied through a resistor 64. A resistor 62 and a capacitor 66 

30 are coupled between the non-inverting input of opamp 68 and the amplifier output 
signal (AMP-OUT). Feedback around opamp 68 includes a resistor 70 in parallel 
with a capacitor 72. This circuit is a simple balanced input amplifier having equal 
inverting and non-inverting gains (so long as the ratio of resistors 60 and 62 is 
equal to that of resistors 64 and 70). Capacitor 72 is required to improve the high 
35 frequency stability for the particular opamp used in this embodiment, and 
capacitor 66 is employed to keep the inverting and non-inverting gains equal at 
high frequencies. Since the AMP-OUT/+I SENSE signal is positive and the 
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AMP-OUT/-I SENSE signal is negative, this stage also acts as a full wave 
positive rectifier referred to the AMP-OUT line. 

The output of opamp 68 is applied to the non-inverting input of an 
opamp 74, while its inverting input is connected to an emitter of an NPN 

5 transistor 82. The anode of a diode 76 is coupled to the inverting input of 
opamp 74 and is the feedback path for the opamp. The output of opamp 74 is also 
connected to a resistor 78, the other end of which is connected to the anode of a 
diode 80. The cathode of diode 80 is connected to the base of NPN transistor 82, 
and the base of this transistor is also connected to the amplifier output signal 

10 through a resistor 84. A resistor 86 connects the amplifier output signal back to 
the emitter of this transistor. Opamp 74 and it's associated components form a 
voltage-to-current converter, When a voltage that is greater than AMP-OUT is 
present at the non-inverting input of opamp 74, the inverting input matches this 
voltage due to the feedback provided by resistor 78, diode 80, NPN transistor 82, 

15 and resistor 86. The current through resistor 86 is directly proportional to the 
voltage at the inverting input to opamp 74. This proportional current is available 
as an output at the collector of NPN transistor 82. Resistor 84 provides a local 
return path for NPN transistor 82. Diodes 76 and 78 minimize any negative going 
voltage swing, ensuring the fastest recovery from an erroneous input signal to the 

20 non-inverting input of opamp 74. 

The collector of NPN transistor 82 is connected to the cathode of a 
diode 94, and the anode of the diode is connected through a resistor 92 to the 
+11 0V +B source. Coupled in parallel with series-connected resistor 92 and 
diode 94 is a capacitor 96. The cathode of diode 94 and one side of capacitor 96 

25 are coupled to the base of an PNP transistor 100. Its emitter is connected through 
a resistor 98 to the +11 0V +B rail, and its collector is connected to an output 
current adjuster circuit 104 and through a resistor 102 to ground. Output current 
adjuster circuit 104 is adjusted so that a voltage of the current output signal, "I 
OUTPUT," that it produces on a line 30 is defined by: 

_ . loutput stage currentl 
30 I OUTPUT(V) = J — - ^ L 

PNP transistor 100 and the components associated with it are employed as 
a simple current mirror that eventually allows the signal to change its reference 
from AMP-OUT to ground. The current through resistor 86 will be equal to the 
current through resistor 92, and the voltage drop across resistor 92 will be equal to 
35 the voltage drop across resistor 98, since diode 94 matches the Vbc drop across 
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PNP transistor 100. All of this circuitry is biased from a supply voltage that is 
greater that the peak output level available at AMP-OUT. In the preferred 
embodiment, AMP-OUT can be as great as + 100V but never as great at the 
+ 110V supply. The current through resistor 98 is equal to the current at the 
5 collector of PNP transistor 100, and this current in turn modulates the voltage 
drop across resistor 102 and output current adjuster 104, which are referred to 
ground. 

It is important to select NPN transistor 82 to be a type having a very low 
C ob . The junction capacitance of this transistor and of capacitor 96 form a high 

10 frequency capacitive divider. This divider prevents high slewing negative going 
signals (60V/uS in the preferred embodiment) from improperly causing PNP 
transistor 100 to conduct. 

In addition to its connection to ground referenced output stage current 
detector 28 for providing the current output signal, "I OUTPUT," the amplifier 

15 output signal line is connected through a resistor 88 to a transient fault detector 
(not shown). The input signals to the transient fault detector are applied on a 
line 108 and on line 30; a capacitor 90 between line 108 and ground allows for 
precise time alignment of these two signals for use in the transient fault detector. 
Details of the transient fault detector are not disclosed herein, since it is not part of 

20 the present invention. However, the transient fault detector provides protection 
for the output stage against relatively short term transients of very high 
magnitude. In the preferred embodiment, the transient fault detector mutes the 
output stage if the output stage power exceeds 3000 watts for more than 
10 milliseconds. 

25 Referring back to FIGURE 1 , it will be apparent that the AMP-OUT signal 

on line 24 and the -B rail voltage signal on line 20 are also input to an output 
stage absolute voltage detector 32. Details of the voltage detector as used in a 
preferred embodiment are illustrated in FIGURE 3. With reference to FIGURE 3, 
the amplifier output signal is applied both through a resistor 110 and a 

30 resistor 112, while the -Brail voltage is input through a resistor 114. 
Resistors 1 12 and 1 14 are both connected to the inverting input of an opamp 124 
and to one side of a resistor 1 15. The other side of resistor 1 15 is connected the 
junction between the cathode of a diode 120 and a resistor 122. Series-connected 
diode 120 and resistor 122 comprises part of a feedback loop for an operational 

35 amplifier 1 16. The other part of the feedback loop is a diode 1 1 8 having its anode 
connected to the inverting input of opamp 116 (along with the junction of 
resistors 1 10 and 122). The cathode of diode 1 18 and the anode of diode 120 are 
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both connected to the output terminal of opamp 116. Its non-inverting input is 
connected to ground, as is the non-inverting input of opamp 124. 

A resistor 126 comprises a feedback loop between the output of 
opamp 124 and its inverting input, thereby controlling the gain of a voltage output 
5 signal, "V OUTPUT," which provided on a line 34. The values of this signal, 
which is directly proportional to the instantaneous voltage across each half 
(positive and negative) portion of the output stage output signal waveform is 
defined by: 

-(-B)-IampoutI 

V OUTPUT( V) = — 1 

10 Op-amp 116, with it's associated current steering parts (diodes 118 

and 120, and resistor 122), acts as a full wave rectifier when it's output is current 
summed via resistors 112 and 115 at the virtual ground formed by ground 
referenced op-amp 124. Resistor 1 14 also adds current to this summing junction 
such that when AMP-OUT is centered, the voltage signal output on line 34 is 

15 most positive. As AMP-OUT approaches either the + or -100 V rail, the voltage 
on line 34 goes to zero. 

Again referring back to FIGURE 1, the current output signal I OUTPUT 
on line 30 and the voltage output signal V OUTPUT on line 34 are applied as 
inputs to an instantaneous output stage power multiplier 36. The power multiplier 

20 includes an integrated circuit multiplier chip that determines the product of these 
two signals. The power multiplier multiplies the two signals together, producing 
an output stage power/dissipation signal, "P OUTPUT," on a line 38. This power 
output signal is thus equal to the product of the voltage output and current output 
signals and is defined in this preferred embodiment by: 

I outputstagecurrentl x| voltageacrosseachhalf of outpufctagd ________ 

25 P OUTPUT(V)= J — — = 200W/V 

200 

Line 38 is input to a filter block 40, which includes a simple single order 
low-pass filter comprising a capacitor and resistor (not separately shown) for 
filtering out frequencies in the amplifier passband from the power output signal, P 
OUTPUT. The filtered power output signal produced by this low pass filter is 
30 directly proportional to the average dissipation in the output stage. The half 
power point of the filter used in filter block 40 is 1 Hz. The filtered power output 
signal produced by filter block 40 is conveyed on a line 42 to a comparator 44, 
which compares it to a +V threshold voltage corresponding to a predefined limit 
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of the output power level. If the filtered power output signal exceeds the +V 
threshold limit, which corresponds to an output power of approximately 
1000 watts in a preferred embodiment of the invention, the output signal from 
comparator 44 goes to a low voltage state indicative of a fault condition, 
5 represented by 44 FAULT " This signal is input to a mute monostable 
multi-vibrator 46, which produces an amplifier muting signal, "AMP MUTE," on 
a line 48. 

In the preferred embodiment, a mute monostable multi-vibrator 46 is 
designed to mute the power amplifier based upon the state of the amplifier mute 

10 signal for a period of approximately four seconds, followed by a period of 0.4 
seconds in which the mute signal is turned off, enabling the power amplifier to 
again produce an output signal. So long as the power dissipated by the output 
stage of the power amplifier continues to exceed the 1000 watt threshold during 
this 0.4 seconds in which the output stage is again enabled, the mute monostable 

15 multi-vibrator will continue to cycle the output stage of the power amplifier off 
for successive intervals of approximately four seconds duration. As shown in 
FIGURE 4, if the amplifier output terminals are shorted, the output power of the 
power amplifier will have the periodic waveform illustrated in which the amplifier 
is energized during short pulses 140 lasting approximately 0.4 seconds, followed 

20 by periods 142 of approximately four seconds duration in which the amplifier is 
muted. When the short is removed from the terminal, the amplifier will be 
enabled, enabling it to continue to produce music in accordance with the input 
signal that it is supplied. In this exemplary preferred embodiment, the average 
power dissipation during continuous fault conditions is approximately equal to: 

1000Wx0.4sec innw 
o< p =- = 100 w 

^ avg 4 sec 

Again referring back to FIGURE 1, the filtered power output signal on 
line 42 is also applied to a comparator 50 for comp arison to a +V threshold 
voltage. If the output from comparator 50 is low, the 44 FAST FAN " speed signal 
that is output to control a cooling fan (not shown) may cause the fan speed to 

30 increase. A capacitor 52 is connected between the output of comparator 50 and 
ground. In addition, a line 54 from an overtemperature detector 56 is connected to 
the output of comparator 50. Overtemperature detector 56 receives an input 
temperature signal from a heat sink temperature sensor (not shown) on a line 58, 
which indicates the temperature of power transistors 12 (or the temperature of the 

35 amplifier chassis, another component, or some other sensitive portion of the 
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power amplifier). Based upon the temperature determined by overtemperature 
detector 56, it produces an output signal on line 54. This signal on line 54 is 
summed with the signal from comparator 50 to control the fan speed. 

In a preferred embodiment of the invention, the fan speed increases from a 

5 slow state when the temperature of the output stage is below 45°C, ramping to its 
fastest speed when the temperature is at or above 65°C. However, if the 
comparison of the average power signal with the +V threshold indicates that the 
average power being dissipated from the power amplifier is below 150 watts, the 
cooling fan reverts to its slow speed. 

10 In the preferred embodiment of the present invention, the amplifier mute 

signal produced by mute monostable multi-vibrator 46 mutes the power amplifier 
by actuating relays that control the current flow to the output terminals of the 
power amplifier and by interrupting the signal that is applied to the output stage 
from a voltage amplifier stage of the power amplifier. It is also contemplated that 

15 the amplifier mute signal be used in other ways to disable the output signal from 
the power amplifier to mute it, for example, by shunting the input signal to the 
amplifier and by biasing one or more stages of the power amplifier so as to 
effectively "turn it off." Those of ordinary skill in the art will appreciate that still 
other techniques can be used for employing the amplifier mute signal to 

20 periodically mute the output stage to protect against excessive average power 
dissipation. 

Although the present invention has been described in connection with the 
preferred form of practicing it, those of ordinary skill in the art will understand 
that many modifications can be made thereto within the scope of the claims that 
25 follow. Accordingly, it is not intended that the scope of the invention in any way 
be limited by the above description, but instead be determined entirely by 
reference to the claims that follow. 
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The invention in which an exclusive right is claimed is defined by the following: 

1. A protection circuit for an amplifier that includes at least one 

channel, comprising: 

(a) a current detector that produces a current signal directly 
proportional to a magnitude of a current comprising a drive signal that is supplied 
by the amplifier through said at least one channel to drive a load; 

(b) a voltage detector that produces a voltage signal directly 
proportional to a voltage of the drive signal; 

(c) a power stage dissipation monitor that is coupled to the 
current detector and to the voltage detector to receive the current signal and the 
voltage signal, and which produces a power signal directly proportional to a 
power produced by the amplifier on said at least one channel, as a function of a 
product of the current signal and the voltage signal; and 

(d) a muting circuit that is coupled to the power stage dissipation 
monitor, said muting circuit muting said at least one channel of the amplifier for a 
predefined interval of time if the power signal exceeds a predefined level. 

2. The protection circuit of Claim 1, further comprising a filter that 
couples the muting circuit to the power stage dissipation monitor, and which 
averages the power signal by filtering higher frequency amplifier passband signals 
from the power signal, producing an average power signal. 

3. The protection circuit of Claim 2, wherein the muting circuit 
includes a comparator that compares the average power signal to a threshold 
signal, which is indicative of a predefined safe operating level. 

4. The protection circuit of Claim 1, wherein the muting circuit 
produces a muting signal that periodically: 

(a) mutes the amplifier for a first interval of time; and 

(b) enables the amplifier to produce the drive signal for a 
second interval of time, so that the drive signal periodically cycles between a 
muted state and an enabled state, until the muting circuit determines that the 
power signal is less than the predefined level. 

5. The protection circuit of Claim 4, wherein the first interval of time 
is substantially longer than the second interval of time so that an average power 
dissipation by the amplifier cycling between the muted state and the enabled state 
is substantially less than it would be if the amplifier were not periodically muted. 
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6. The protection circuit of Claim 1, wherein the muting circuit mutes 
the amplifier by implementing at least one of the following: 

(a) disabling biasing of one or more amplifier stages of the amplifier; 

(b) shunting an input signal coupled to the amplifier to eliminate 

the drive signal; and 

(c) interrupting the drive signal from the amplifier so that it no 

longer drives a load coupled thereto. 

7. The protection circuit of Claim 6, further comprising: 

(a) a cooling fan that cools the amplifier; 

(b) a temperature detector that monitors a temperature of the 
output stage, producing a temperature signal; and 

(c) a fan control circuit that is coupled to the power stage 
dissipation monitor and the temperature detector, said fan control circuit 
producing a fan speed control signal that determines a speed of the cooling fan as 
a function of the temperature signal and the power signal. 

8. The protection circuit of Claim 1, wherein the power stage 
dissipation monitor includes a multiplier circuit that multiplies the current signal 
by the voltage signal, to produce the power signal. 

9. A protection circuit for a power amplifier that prevents damage to 
an output stage of the power amplifier, comprising: 

(a) an output stage current detector that monitors an output 
current from the output stage and produces a current signal directly proportional 

to the output current; 

(b) an output stage absolute voltage detector that monitors an 
absolute voltage of the output stage and produces a voltage signal directly 
proportional to the absolute voltage; 

(c) an instantaneous output stage power multiplier, coupled to 
the output stage current detector and the output stage absolute voltage detector, 
said instantaneous output stage power multiplier producing a power signal by 
multiplying the voltage signal by the current signal; and 

(d) means for muting the power amplifier in response to a 
magnitude of the power signal exceeding a predefined power level. 

10. The protection circuit of Claim 9, further comprising a low-pass 
filter that is connected to the instantaneous output stage power multiplier, said 
low-pass filter substantially averaging the power signal by filtering higher 
frequency amplifier passband components from the power signal, producing an 
average power signal that is supplied to the means for muting the power amplifier. 
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1 1 . The protection circuit of Claim 9, wherein the means for muting 
the power amplifier comprise a monostable multi-vibrator that produces a muting 
signal used to periodically mute the power amplifier for a period of time 
substantially longer than a period of the output signal. 

12. The protection circuit of Claim 9, further comprising a cooling fan 
controlled by a fan control circuit, said fan control circuit responding to the power 
signal to control a speed of the cooling fan. 

13. The protection circuit of Claim 12, further comprising a temperature 
detector that monitors a temperature of the power amplifier to produce a temperature 
signal, said fan control circuit controlling a speed of the cooling fan in response to the 
temperature signal received from the temperature detector. 

14. The protection circuit of Claim 13, wherein the fan control is also 
connected to the means for muting the power amplifier and controls the speed of 
the cooling fan in response to a signal received from the means for muting the 
power amplifier. 

15. A method for protecting an amplifier that includes at least one 
channel, from damage due to excessive power supplied to a load connected to the 
amplifier, comprising the steps of: 

(a) monitoring a magnitude of a current comprising a drive signal 
that is supplied by the amplifier through said at least one channel to drive the load, 
producing a current signal directly proportional to the magnitude of said current; 

(b) monitoring a magnitude of a voltage of the drive signal, 
producing a voltage signal directly proportional to the magnitude of the voltage of 
the drive signal; 

(c) producing a product directly proportional to a power 
produced by the amplifier on said at least one channel, by multiplying the current 
signal by the voltage signal; and 

(d) muting said at least one channel of the amplifier for a 
predefined interval of time, as a function of the product of the voltage signal and 
the current signal. 

16. The method of Claim 15, further comprising the step of averaging 
the product of the voltage signal and the current signal, to produce an average 
power signal. 



WO 00/19572 



-14- 



PCT/US99/18902 



17. The method of Claim 16, wherein the step of muting includes the 
step of comparing the average power signal to a threshold signal that is indicative 
of a predefined level. 

18. The method of Claim 17, wherein the step of muting includes the 
steps of: 

(a) muting the amplifier for a first interval of time; and 

(b) enabling the amplifier to produce the drive signal for a 
second interval of time, so that the drive signal cycles between a muted state and 
an enabled state until the average power signal is less than the threshold signal. 

19. The method of Claim 18, wherein the first interval of time is 
substantially longer than the second interval of time so that an average power 
dissipation of the amplifier cycling between the muted state and the enabled state 
is substantially less than it would be if the amplifier were not periodically muted. 

20. The method of Claim 15, wherein the step of muting includes at 
least one of the steps of: 

(a) disabling biasing of one or more amplifier stages of the 

amplifier; 

(b) shunting an input signal coupled to the amplifier to 
eliminate the drive signal; and 

(c) interrupting the drive signal from the amplifier so that it no 
longer drives a load coupled thereto. 

2 1 . The method of Claim 20, further comprising the steps of: 

(a) cooling the amplifier with a fan; 

(b) monitoring a temperature of the output stage, producing a 

temperature signal; and 

(c) controlling a speed of the fan as a function of the 
temperature signal and the power signal. 
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